The data was collected during the inclusion step of the SUpplémentation en VItamines et Minéraux AntioXydants (SU.VI.MAX) study. This article deals with the study's first stage before any supplementation. The collected data shows factors influencing blood vitamin concentrations and may reflect the vitamin status of volunteers. Material and methods: A total of 12 741 volunteers were enrolled in the SU.VI.MAX study 7713 women 35-60 years of age and 5028 men 50-60 years of age. The serum concentrations of retinol, a-tocopherol, and b-carotene were measured by HPLC, and vitamin C concentration was measured by spectrofluorimetry using a Technicon continuous flow analysis apparatus. The volunteers recorded their 24 h diet by means of a specific terminal that was connected to the main central computer of the SU.VI.MAX study. Volunteers recorded the food they consumed daily and estimated its quantity by comparing pictures of dishes. Results: Retinol concentration was significantly higher in older volunteers, and was higher in male than in female volunteers. Smoking had no effect on serum retinol, but the latter was higher in the autumn than in the winter. Serum retinol concentrations were higher in the Southwest region and lower in the Ile-de-France and East-Centre regions. Serum a-tocopherol was slightly higher in older volunteers and also higher in male volunteers. Serum a-tocopherol was significantly lower in smokers, and former smokers showed intermediate levels. Like retinol, serum a-tocopherol was higher in the autumn, and higher in the Southwest as compared to the East-Centre Serum b-carotene was slightly higher in younger volunteers, and concentrations were higher in female than in male volunteers. Tobacco smoking decreased serum b-carotene, which was higher in the autumn, and higher in the East, West, and North regions. Serum vitamin C was higher in female volunteers, and was not age related. Serum vitamin C was lower in smokers, was season-dependant, but contrary to fat-soluble vitamins, concentrations were higher in the winter and spring. Serum vitamin C was higher in the Southeast and East-Centre, but lower in the North region. Conclusion: These results suggest that serum retinol concentrations depend on gender, age, seasons, and location of residence. Similarly, serum a-tocopherol concentrations were slightly influenced by age, but more by tobacco smoking, seasons, dietary intake, and location of residence. Serum concentrations of b-carotene depend on gender, age, smoking status, dietary intake, and location of residence. Serum vitamin C concentrations depend on gender, age, smoking status, seasons, dietary intake, and location of residence. Contrary to b-carotene, retinol concentrations were higher in male than in female volunteers. Such a reversed relation suggests a higher b-carotene-retinol conversion in male volunteers.
Introduction
Vitamin status depends on nutritional habits and lifestyle, and France is a particular country, in terms of nutritional habits since there have been regional differences in diets for decades. Inhabitants from Southern regions follow a rather Mediterranean diet, while those from the Northern regions eat more like North-European populations (Baudier et al., 1996) . It was therefore interesting to evaluate blood vitamin concentrations in the French population, and to assess the influence of lifestyle and nutritional habits on the global vitamin status.
This article aims at studying relationships between the main determinants and blood concentrations of retinol, a-tocopherol, vitamin C, and b-carotene. Such data had been previously reported, but concerned fewer factors and vitamins. Moreover, the impact of dietary intake and its interactions with other factors had never been studied in France.
Adult French people usually take three meals a day and rarely consume food outside of meals. The first meal is a light breakfast. The main meal is lunch. French people have a lighter meal in the evening. Drinks are water, beer, or wine.
In this study, we investigated the effect of age, smoking, seasons, and dietary intake of vitamins on serum vitamin concentration in presumed healthy volunteers among geographic regions of France. This article concerns the biological data in volunteers who were included in the Supple´mentation en Vitamines et Mine´raux AntioXydants (SU.VI.MAX) study 'antioxidant vitamin and mineral supplementation', (Hercberg et al., 1999) . This intervention trial was meant to test the benefits of a multivitamin-mineral supplementation on cancer and cardiovascular diseases (Hercberg et al., 1998a, b) and results were published elsewhere (Hercberg et al., 2004) .
Materials and methods

Volunteers
A total of 79 976 individuals were asked to participate in the study after a 5-month national multimedia campaign (March-July 1994), on television, radio, and newspapers. All the volunteers received detailed information about the SU.VI.MAX study. They were also requested to fill in and return a comprehensive questionnaire meant to provide demographic, lifestyle, nutritional, and health information. We received a total of 21 481 complete information sheets and informed consents. To be eligible, volunteers: (a) had to provide complete data; (b) had to be 35-65 years of age; (c) had to declare themselves free of any severe pathology that might limit participation for the following 8 years; (d) could not have previously taken supplements containing any of the studied vitamins or minerals; (e) had to comply with protocol constraints, especially that of receiving a placebo; and (f) could not exhibit any compulsive behaviour concerning diet and health.
Finally 12 741 volunteers were included in the study, 7713 women 35-60 years of age and 5028 men 45-60 years of age. Volunteers belonged to all social classes: jobless people, people with no occupation, retired people, factory workers, office and bank employees, farmers, intermediate professions, craftsmen and shopkeepers, managers, and intellectual professions. Volunteers lived in all regions of metropolitan France.
Upon inclusion, a physician examined each volunteer and recorded his physical and clinical data. Volunteer history was recorded for alcohol consumption in millilitres per day, and tobacco smoking status. Physicians asked volunteers to declare themselves free of severe illness, and checked that they were healthy by a routine clinical examination and blood tests that included blood cell count, and complete biochemical and enzyme analysis. Those suffering from cancer, diabetes, severe kidney, liver, lung or cardiovascular diseases, mental or physical disability, neurological and psychiatric diseases, inborn errors of metabolism were excluded from the SU.VI.MAX study. The permanent home address of each volunteer was recorded.
This study complied with the Helsinki Declaration and was approved by the ethical committee of the Paris University Hospitals (CCPPRB no 706 -Hôpital Cochin), and -as requested by the current French laws -an informed signed consent was obtained from all volunteers.
Dietary intake
Volunteers reported six daily dietary records, in the first 18 months of the study; the days of record were scheduled for each volunteer and randomised in order to assess 4 weekdays and 2 weekend days, with at least a 2 months interval in between. Reports were made using a free, small terminal (Minitel), which was given to volunteers and was preloaded with specific software. This terminal enabled volunteers to fill out computerised questionnaires off line. Once the questionnaire completed, data was sent via the Minitel Telematic Network to the main SU.VI.MAX computer. Volunteers were assisted in this task by the interactivity of the software, and by an instruction manual for codification of food, including photographs for estimations of portion size. This method was validated with a 780-volunteer sample during a pilot study (Le Moullec et al., 1996) . Cooking methods, seasoning, type of food (fresh, frozen, canned, etc) , and place and time of food intake were also recorded. The main computer contained a complete database of food and its dry weight according to the size of the portion the volunteer consumed. Food composition tables then allowed calculating the amount of each nutrient that was consumed by the volunteer.
Blood sampling
Blood samples were collected from fasting volunteers between December 1994 and December 1995. Blood sampling was completed in two 38-ton trucks that were fully equipped for medical examination and sample collection. Each truck visited each of the 32 French cities within 1 year. Once drawn, blood was immediately centrifuged, serum was frozen, and rushed to the SU.VI.MAX laboratory, located in Grenoble, for vitamin determination.
The truck stayed 1 week in each city and had to travel to 32 cities; thus all blood samples were generally collected during the same season in each region. However, in the Paris region (Ile de France) blood was sampled all year round except during summer months.
Regions
Volunteers lived in all regions of France except for Corsica. In order to increase statistic power, the 26 French administrative regions were grouped in seven regions: Aquitaine, Limousin, and Midi-Pyre´ne´es were called the 'Southwest' region; Basse Normandie, Pays de Loire, Bretagne, and Centre the 'West region'; Nord-Pas de Calais, Picardie, ChampagneArdennes, and Haute-Normadie the 'North region'; Alsace, Lorraine, Bourgogne, and Franche-Comte´the 'East region'; Rhone-Alpes and Auvergne the 'East-Centre region'; ProvenceAlpes-Côte d'Azur and Languedoc-Roussillon the 'Mediterranean region'; 'Ile de France' was considered as a single region. These regions are represented in Figure 1 .
A total of 662 volunteers lived in the North region, 3618 in the West region, 1095 in the East region, 1061 in the SouthWest region, 1527 in the East-Centre region, 1058 in the Mediterranean region and 3720 in the Ile de France region.
Analytical methods
Blood samples for retinol and a-tocopherol measurements were centrifuged immediately, then serum was frozen and kept at À801C until HPLC determination. To assess vitamin C concentration, the serum was diluted (1:10) immediately in 10% metaphosphoric acid (Bourgeois et al., 1989; Margolis and Duewer, 1996) and kept frozen at À801C until determination.
Retinol, a-tocopherol, and b-carotene levels were measured by HPLC using Arnaud's method (Arnaud et al., 1991) , with minor modifications. Fat-soluble vitamin determination was made with a Biotek-Kontron HPLC system (Biotek-KontronMontigny le Bretonneux France) including a 525 gradient pump, a 402 Peltier Oven, a 465 auto sampler, a Geminyx data station, and a 540 diode array detector. Total vitamin C (dehydroascorbic acid þ ascorbic acid) was determined by spectrofluorimetry (Bourgeois et al., 1989) . These measurements were made with a Technicon continuous flow analysis apparatus (Bayer-Technicon -Pittsburgh, PA, USA) that was equipped with a RF-530 Shimatzu fluorescence detector (Shimatzu Corporation -Kyoto, Japan). The correlation coefficient with the HPLC method that we use routinely for serum vitamin C determination in our hospital (Speek et al., 1984) was r ¼ 0.95.
Between run CV as determined by measuring concentrations in serum aliquots five times on the same day and on 10 different days, were, respectively, 3.29% (mean serum concentration: 2.55 mM), 3.54% (mean serum concentration: 2.55 mM), 9.02% for b-carotene (mean serum concentration: 26.3 mM), and 3.52% (mean serum concentration: 37.6 mM) for retinol, a-tocopherol, and vitamin C.
Internal quality assurance was monitored using ChromSystems retinol & E control sera, and the laboratory participated in the St Helier Hospital external quality assurance programme.
Total serum cholesterol and triglycerides were measured by enzyme kinetics with a Bayer-Technicon DAX (BayerTechnicon -Pittsburgh, PA, USA). Cholesterol was measured using cholesterol esterase, cholesterol oxidase, and a peroxidase that formed a coloured compound with the hydrogen peroxide resulting from the two first reactions. Triglycerides were measured using lipase, glycerol kinase, a glycerol-phosphate oxidase, and finally a peroxidase, which formed a similar coloured compound.
Statistics
The statistic analysis was performed with the SAS package (The SAS Institute Inc., Cary, NC, USA) running on a Digital Vax workstation under VMS. Test were considered significant for ap0.01
As retinol, vitamin E, and b-carotene concentrations were correlated to serum lipid levels they were adjusted with these parameters (Jordan et al., 1995; Winbauer et al., 1999; Gross et al., 2003) .
Inter-group comparisons were performed using 2-way ANOVA followed by the Duncan multirange test. When data was not normally distributed, it was log-transformed to make ANOVA possible.
Statistics were performed on subgroups to avoid bias due to possible uneven intergroup distribution. 
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The effect of age was studied on season-adjusted data, the Mediterranean region was excluded, and the smoker group was not taken into account. Indeed, age distribution was different in the Mediterranean region and in the smoker group.
The effect of tobacco smoking was studied in people 42.5-55.0 years of age, on season-adjusted data, and the Mediterranean region was excluded for similar reasons.
The Mediterranean region and the smoker group were excluded when studying the effect of seasons. Indeed, in the Mediterranean region only one season was represented, and seasons were unevenly represented among the smoker status groups.
To avoid possible biases that would be created by uneven distributions, the effect of regions on vitamin concentrations was studied on season-adjusted data, in people 42.5-55.0 years of age, and the smoker group was not taken into account. Indeed, age groups and smoker groups were differently represented within regions.
Possible relations were studied between retinol, a-tocopherol, vitamin C, b-carotene concentrations and age, tobacco and alcohol consumption, estimated dietary intake, serum cholesterol and triglycerides, using a multiple ascendant regression analysis.
Results
Physical and general biochemical parameters are shown in Table 1 . Risks of retinol, a-tocopherol, and vitamin C deficiencies are summarised in Table 2 . The cutoff 1.05 mM (30 mg/ml) and 0.70 mM (20 mg/ml) for serum retinol are commonly used and define, respectively, impaired status and a risk of retinol deficiency (Russel et al., 2000; WHO/ UNICEF, 2000) . Similarly, an 11.6 mM cutoff was chosen for risk of a-tocopherol deficiency (Gibson, 1990) , because haemolysis occurs below this concentration. Vitamin C risk of deficiency was considered higher when concentration was lower than 11.4 mM (Nyssonen et al., 1997; Sauberlich, 1999) .
The risk of vitamin C deficiency was the highest at 1.77% in male volunteers.
Results of multiple ascendant regression analysis for retinol, a-tocopherol, b-carotene, and vitamin C are shown in Tables 3-6 . In male volunteers, retinol was significantly related to age, alcohol consumption, serum triglycerides, and serum cholesterol, while in female volunteers it was dependent on age, triglycerides, tobacco smoking, and alcohol consumption. In male volunteers, serum a-tocopherol concentrations depended on serum cholesterol, serum triglycerides, estimated dietary intake, and tobacco smoking while in female volunteers, they depended on serum cholesterol, serum triglycerides, estimated dietary intake. In male volunteers, serum b-carotene was significantly related to tobacco smoking, alcohol consumption estimated dietary intake, serum cholesterol, and serum triglycerides while in female volunteers it was dependant on tobacco smoking, cholesterol, serum triglycerides, and serum cholesterol. In male volunteers, serum vitamin C was significantly related Determinants of some serum vitamin concentrations H Faure et al to tobacco smoking, estimated dietary intake, and serum triglycerides while in female volunteers it was dependent on age, tobacco smoking, estimated dietary intake, and serum triglycerides. The effects of age, smoking, seasons, and regions on serum retinol, a-tocopherol, b-carotene, and vitamin C are shown respectively in Tables 7-10. Estimated dietary intake by age, smoking status, and seasons are shown, respectively, in Tables 11-13 . Intake by regions could not be calculated because the number of volunteer responses to dietary surveys was too low in some regions.
Retinol concentration increase was higher in older volunteers, and our data shows that it was higher in male than in female volunteers. Smoking had no effect on serum retinol, but the latter was higher in autumn than in winter. Retinol concentration was higher in the Southeast region than in the East-Center region.
a-Tocopherol was also slightly higher in older volunteers and was a little higher in male volunteers. Contrary to retinol, serum a-tocopherol was significantly lower in smokers and at intermediate levels in former smokers. Like retinol, serum a-tocopherol was higher in the autumn but season difference was smaller. Serum a-tocopherol was higher in the Southeast than in the East-Center.
Contrary to retinal and a-tocopherol, serum b-carotene was slightly higher in younger volunteers, and concentrations were higher in female than in male volunteers. Tobacco smoking decreased serum b-carotene concentrations that were higher in the autumn and higher in the East, West, and North regions.
Serum vitamin C was higher in female volunteers, but we did not find any age-related influence. Like a-tocopherol and b-carotene, serum vitamin C was lower in smokers. Serum vitamin C concentration showed seasonal variation, and was higher in the winter and in the spring. Serum vitamin C was higher in the Southwest and East-Center, but lower in the North region.
Estimated dietary intake of retinol was higher in the 35-to 45-year-old volunteers, and higher in male than in female volunteers. Smoking had no significant effect on retinol intake, which was higher in the autumn and the winter, both in female and male volunteers. Estimated dietary intake of b-carotene was higher in the 50-to 63-year-old volunteers, it was significantly higher in nonsmokers, and higher in the summer. Estimated a-tocopherol dietary intake was higher in nonsmokers and former smokers than in smokers, it was also higher in female volunteers, and higher in the summer. Estimated vitamin C dietary intake was higher in the 50-60 and 60-to 63-year-old volunteers, higher in nonsmokers than in smokers and former smokers, and higher in the spring. Determinants of some serum vitamin concentrations H Faure et al
Discussion
Serum vitamins are not considered as good markers of deficiency, and this is particularly true for retinol (Tanumihardjo, 2004) , vitamin E (Lehmann, 1988) , and C (Benzie, 1999) . Indeed, retinol deficiency should be diagnosed by MRDR or RDR tests, a-tocopherol in erythrocyte is a better marker of deficiency, and vitamin C concentration in leukocytes is also more reliable to assess tissue concentrations than simple serum concentrations (Sauberlich, 1975 (Sauberlich, , 1999 . However, in daily clinical practice and in epidemiological studies these tests are more cumbersome, subject to more artefacts, and therefore seldom used. Nonetheless, it should be kept in mind that these results only concern healthy French people since the medical examination at the inclusion step excluded persons presenting with any known or clinically documented disease. Thus, these results may not accurately represent the vitamin status of the French population.
This study is the first to report region difference in serum concentration of vitamins, and to show that 15% differences in serum retinol, tocopherol, and ascorbate can be found among regions. Such region differences -that are not always explained by dietary intake alone and do not depend on the social and economic status -can probably be found in other countries.
Our data shows that gender, tobacco smoking, seasons, and the region of residence influence serum vitamin concentrations. Multiple regression analysis shows that serum retinol is positively related to alcohol consumption, that could be explained by the inhibition of alcohol dehydrogenase by ethanol (Parlesak et al., 2000) which, in turn, decreases retinol oxidation in the digestive tract. Serum retinol is also positively related to triglycerides and weakly to cholesterol.
Serum a-tocopherol is positively linked to the dietary intake, to serum cholesterol, and to triglycerides. The correlation with cholesterol is well known and explained by the fact that a-tocopherol is carried by lipoproteins in blood (Thurnam et al., 1986; Bender, 2003) . Serum atocopherol is also negatively related to cigarette consumption, which is also shown by the ANOVA analysis.
Serum b-carotene was positively correlated to serum cholesterol, but negatively correlated to tobacco and alcohol consumption, and triglycerides. 2-Way ANOVA results are mentioned as follows : where differences are significant, different letters are printed at the end of lines and at the bottom of columns. These letters are related to each variable and A means that the data is higher than that of the B row or column. Results in mM, 5% CI ¼ 5% confidence intervals.
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Serum vitamin C was positively correlated to the estimated dietary intake, and negatively correlated to tobacco smoking and to serum triglycerides. The correlation to dietary intake and tobacco smoking is consistent with the ANOVA analysis and will be discussed in the ANOVA section, the relation between vitamin C and serum triglycerides was previously reported by the Ness team (Ness et al., 1996) that also found an increase of HDL cholesterol in volunteers with high blood vitamin C levels.
Gender influences serum retinol, a-tocopherol, b-carotene, and vitamin C, but while serum retinol and a-tocopherol were higher in male volunteers, other serum vitamins were higher in female volunteers. Serum retinol is accurately regulated in humans (Blomhoff, 1994) , and although 25-30% is provided by b-carotene intake (Block, 1985; Bender, 2003) , its concentration is mainly influenced by the retinolbinding protein (Baeten et al., 2004) . As RBP concentrations are not significantly different in male and female volunteers (Krasinski et al., 1989; de Pee and Dary, 2002) , gender difference may be the result of difference in turn over within gender. Intake cannot explain gender differences as female volunteers absorbed more retinol and b-carotene than male volunteers. Higher concentrations of b-carotene and vitamin C in female volunteers can be explained by higher intake in female than in male volunteers. Our results are consistent with those previously described in France and in Great Britain. Our results are very similar to those reported in the Val de Marne Study (Hercberg et al., 1994) ; indeed, difference in serum retinol, a-tocopherol, b-carotene, and vitamin C between the two studies was smaller than the usual interlaboratory variations. Serum a-tocopherol was slightly higher than in the Min.Vit.Aox study (Girodon et al., 1999) , b-carotene concentration was similar, but vitamin C concentration was much higher in the present study. The altered status of vitamin C in the Min.Vit.Aox study may be due to the age of volunteers included in that study (65-103 years of age) and to the fact that these volunteers were institutionalized. Olmedilla et al. (2001) reported similar results in his French cohort, in 2001. Our results are also close to those reported in the USA in the NHANES study on retinol (Ballew et al., 2001) , but the concentrations found in France were slightly higher. Results reported in Burgundy (de Carvahlo et al., 1996) are consistent with ours concerning gender difference in serum retinol, a-tocopherol, and b-carotene, Lipid adjusted data. 2-Way ANOVA results are mentioned as follows: where difference is significant, different letters are printed at the end of lines and at the bottom of columns. These letters are related to each variable and A means that the data is higher than that of the B row or column. Results in mM, 5% CI ¼ 5% confidence intervals.
however, the retinol concentrations, we found, were lower and those of a-tocopherol were higher. These discrepancies can be explained by differences in HPLC measurement methods. In Algeria (Lachili et al., 2001) , retinol levels were very close to those observed in France, but -contrary to what we observed in France -they were significantly higher in female than in male volunteers. In Algeria, a-tocopherol and b-carotene concentrations were lower than those we report. Different lifestyles and nutritional habits may account for these discrepancies, or for the equal concentration of serum retinol within gender that was reported in Switzerland (Winklhofer-Roob et al., 1997) . We found that age influenced a-tocopherol, b-carotene, and vitamin C concentrations, but it should be kept in mind that the age range of SU.VI.MAX volunteers was small. The difference would probably be much greater with a larger age range. The increase in serum a-tocopherol with age was previously described (Papas et al., 2003) .
Tobacco smoking decreased the concentration of all vitamins, except for retinol. Low concentrations of antioxidant vitamins are due to their destruction by free radicals, which are contained in tobacco smoke (Handelman et al., 1996) . Furthermore, smokers were also reported to consume less fruit and vegetables than nonsmokers (Marangon et al., 1998) ; hence, vitamin intake is lower in smokers. The estimated vitamin C and b-carotene intake in our study confirm this hypothesis. Our results are also consistent with those of other authors (Pamuk et al., 1994; Saintot et al., 1995; Margetts and Jackson, 1996) . Similar seasonal variations were reported in Finland (Rautalahti et al., 1993) , for a-tocopherol and b-carotene. Our results are also consistent with those of Saintot et al. (1995) in France, and of Scott in the United Kingdom (Scott et al., 1996) , but they differ from those reported in Switzerland (Winklhofer-Roob et al., 1997) where the authors did not find gender-related difference in retinol, vitamin E, and carotenoïds, and found higher vitamin concentrations in the winter. Concerning seasonal variations, our results differ from those of Olmedilla et al. (1994 Olmedilla et al. ( , 2001 ) obtained in Spain where no significant difference in serum retinol and a-tocopherol was reported within the year. These authors also reported higher serum b-carotene in the summer, but not in the autumn, and only in men. The lack of significance in season variations could be due to the smaller size of the Determinants of some serum vitamin concentrations H Faure et al Determinants of some serum vitamin concentrations H Faure et al studied cohort that cannot provide the necessary statistical power to reach significance. Season variations of vitamins -except for retinol -could be explained by intake difference. Indeed serum a-tocopherol and b-carotene were higher in the autumn, and their intake was higher in the summer and in the autumn. Serum vitamin C was higher in the spring, and dietary intake was higher in the winter and the spring.
Conclusion
This study was the first to describe region differences in serum retinol, a-tocopherol, b-carotene, and vitamin C in France. Results for tobacco smoking, and seasons confirm those reported by other authors.
We found that the main factors influencing serum retinol concentrations were gender, age, seasons, and location of The effects of tobacco smoking and seasons suggest that dietary intake influences serum concentrations of b-carotene and vitamin C, and to a lesser extent serum concentrations of a-tocopherol.
In France, serum b-carotene concentrations were higher in female than in male volunteers, while it was the contrary for serum retinol concentrations. This relation suggests a higher b-carotene-retinol conversion in male volunteers but such a difference -although found by other authors in France -is absent or even reversed in North-Africa and even in Switzerland.
